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Abstract: 
Drainage ditches are a major pathway for sediment, nutrients, and pesticides to enter stream systems, 
which threaten environmental and human health. Unlike trapezoidal ditches, two-stage ditches have a 
vegetated bench that acts as a floodplain, which helps to prevent erosion and to increase the processing 
of nutrients to improve water quality. Converting a trapezoidal ditch to a two-stage ditch is expensive, 
due to the large volumes of soil that need to be excavated. Since ditch geometries vary significantly and 
surveying each potential site by hand would be time consuming and expensive, a tool based upon online 
Light Detection and Ranging (LiDAR) data would be useful to estimate the volume.  
The excavation volume for two ditches was calculated using two methods:  the LiDAR digital 
elevation model, gridded to 3 m resolution, and a ground survey using an RTK GPS unit. ArcGIS was used 
to create profiles of the trapezoidal streams. Hypothetical two-stage cross-sections were created by 
calculating the bankfull depth, based on the drainage area, and the width, using a three to one bench 
slope. OriginPro was used to find the difference between the area under the two-stage cross-section 
and the original trapezoidal cross-section. 
 The estimated volume differed between the two methods. While the LiDAR based volume of 
one ditch was within 16.9% of the RTK GPS based volume, the other ditch’s volumes varied by 22.5%. 
This suggests that using the LiDAR DEM may not provide sufficient accuracy for this estimate, although it 
could provide a rough cost estimate without time-consuming surveys. 
 
Keywords: Two-Stage Ditch, LiDAR 
 
Body of Article 
Introduction 
 
 The Midwest is known as the breadbasket of the United States, but its fertility comes at a 
huge environmental cost. Industrial scale agriculture is a major source of non-point source pollution 
in the Midwest. Runoff from fields carries pesticides, fertilizers, and sediment into the streams 
(Kallio et al., 2010). Sediment not only represents a loss of fertile soil from the farm fields, but also 
results in increased water turbidity, which has adverse effects on the plant life of stream systems, 
which in turn can destabilize the ecosystem of the entire stream by damaging the base of the food 
chain. Increased sediment in the water can also directly damage wildlife (Kallio et al., 2010). The 
nutrients that are introduced into the aquatic environment through fertilizer runoff can lead to algal 
blooms which are either toxic by themselves, or can cause eutrophication (Kallio et al., 2010). The 
effects of Midwestern agricultural runoff are not limited to the heartland either. Much of the non-
point source pollution of the massive Mississippi river basin ends up in the Gulf of Mexico where it 
causes a hypoxic dead zone (Kallio et al., 2010) that not only affects the biodiversity of the Gulf of 
Mexico, but also can affect the fishing and tourism industries. Both in the Gulf and in the Midwest, 
polluted water is also a threat to human health, as well as an eye sore.  
While many things can be done decrease the amount of non-point source pollution running 
off from the Midwest’s farm fields, one of the most critical places is agricultural drainage ditches 
(Gorney et al., 2010). This is because drainage ditches are a common, if not the most common point 
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of entry of non-point source pollutants into the water system. Often drainage ditches are modified 
headwater streams that naturally lead into a larger stream (Powell et al., 2007). The most common 
form of agricultural drainage ditch, whether completely manmade or simply a modified headwater, 
is the trapezoidal ditch (Powell et al., 2007). These ditches are designed to move a lot of water very 
quickly, but they are also high maintenance as they require the removal of woody vegetation and 
sediment build-up as well as the shoring up of the channel walls due to scouring and erosion 
(Powell et al., 2007). This maintenance is not only cumbersome and expensive for humans, but also 
can adversely affect the ecology of the stream and the water quality (Kallio et al., 2010). Since these 
ditches lack a floodplain, they will violently flood in the case of high flows (Gorney et al., 2010). The 
ditches, however, are also unable to handle low flows very well, becoming stagnant, which also 
reduces the water quality (Gorney et al., 2010). Another problem with the trapezoidal drainage 
ditch design is that it does little to filter excess nutrients and sediment out of the water.  
A more environmentally friendly ditch that is starting to garner attention in the Midwest is 
the two-stage ditch (Kallio et al., 2010). A two-stage ditch is composed of two parts. The first stage 
is channel at the bottom of the ditch that is large enough to carry the average flow (Kallio et al., 
2010). The first stage channel sits in the middle of the second stage, which is wider and covered 
with vegetation (Powell et al., 2007). The second stage acts like a small flood plain for the primary 
first stage channel (Kallio et al., 2010). Two-stage ditches have much lower maintenance 
requirements than their trapezoidal counterparts, though they are more expensive to build (Powell 
et al., 2007). The low maintenance requirements are due to the fact that two-stage ditches tend to 
flush out sediment buildup by themselves (Kallio et al., 2010), as the small first stage channel results 
in a higher flow velocity and because the vegetated banks are less prone to erosion and act as a 
filter for sediment and nutrients. In fact, two-stage ditches can act like wet lands (Kallio et al., 
2010). Due to their environmental benefits, two-stage ditches have been added to the Stream 
Restoration Design section of the National Engineering Handbook and are part of Indiana’s CREP 
program (Kallio et al., 2010). 
Trapezoidal ditches can be converted into two-stage ditches, but this can be very expensive 
due to the large volume of soil that needs to be excavated. Ditches vary significantly in size and 
geometry, making it impossible to have a one-size-fits-all estimate for converting trapezoidal 
ditches into two-stage ditches. Since surveying each potential site by hand would be expensive and 
time consuming, a method to estimate the excavation volume based on already available data is 
needed.  
This project examined the potential to use Light Detecting and Ranging (LiDAR), which is 
available for most counties in Indiana, to create an estimate of the excavation volume. The LiDAR 
data was used to create cross-sections, which were compared to the same cross-sections taken 
using an RTK GPS surveying unit. Both the LiDAR and the RTK GPS cross-sections were used to 
created hypothetical two-stage cross-sections. The difference in area between the trapezoidal 











Materials and Methods 
  
RTK GPS Survey and Analysis 
 Five drainage ditches in northern Indiana were surveyed using an RTK GPS surveying unit. Two 
of these ditches, Matthew Howell in Howard County and Browns Wonder in Boone County, were 
trapezoidal. The INDOT based CORS network was used as a spatial reference at the Browns Wonder 
ditch. Due to a lack of internet access at Matthew Howell ditch, a stationary base was used as a control 
point. At each ditch, four cross sections were taken. A centerline was taken along the thalweg for 
Browns Wonder, but not for Matthew Howell, as the channel bottom was to muddy to safely walk 
along. The cross-sections were taken at points that showed bank stability for two meters to either side. 
This ensured that the bank had not significantly changed since the LiDAR survey was taken in 2011.  
There were roughly ten or more meters between each cross-section.  
 After the survey, the data was uploaded to ArcGIS as a shape file in order to analyze it. ArcGIS’s 
3D Analyst Point Profile tool was used to create two-dimensional cross-section profiles. The horizontal 
starting point was an arbitrarily placed zero. All horizontal values were shifted to the right by ten in 
order to avoid the wider two-stage ditch from having any points with a negative x value. The vertical 
scale of the cross-section profile was based on the elevation measured by the RTK GPS unit.  
The x-y data for the cross-sections was exported from ArcGIS into Excel and was then copied 
into OriginPro.  Excel’s spreadsheet provided a better overview of the data points than OriginPro, but 
only OriginPro could take integrals. Two extra points where added in order to accommodate the two-
stage channel being wider than the trapezoidal ditch. On the left bank, the point was set at a horizontal 
distance of zero and the elevation of the first point (going from left to right). On the right bank the 
horizontal distance was set to 40 and the elevation was set equal to the last point on the right.  
The area under the curve created by the x-y data points was calculated in OriginPro using the 
following steps.  
 
1. Without any column of the OriginPro being selected click Analysis. 
2. Select Mathematics. 
3. Select Integrate. 
4. Select Open Dialog…(See Figure 1) 
 
Figure 1: Opening up the Integral Tool 
5. Click the + next to Input to expand the input options. 
6. Click the + next to Range 1 to expand the range options. 




Figure 2: The main integration menu 
8. Select the entire horizontal distance column for the desired cross-section by clicking the top box 
(for example A(X)). 
9. Click the icon on the far right of the Select data in worksheet screen to return to the integration 
menu. 
 
Figure 3: Selecting data from the worksheet 
10. Repeat steps 7 through 9 for the Y Data Range and select the entire elevation column.  
11. Click OK.  
12. The total area under the curve will appear in both a pop window and at the bottom of the newly 
created integral column.  
7. “Select from 
Worksheet” 
button 
5./6. Click in 
boxes to left of 
Input and Range 1 
to expand 
8. Click here to 
select the entire 
column 
9. Click here to 






Figure 4: Calculated area under the curve 
 
The drainage area was calculated in StreamStats using the following steps. 
1. Go to StreamStats, at http://water.usgs.gov/osw/streamstats/indiana.html, and click 
on “Interactive Map”.  
2. Use the zoom tool (magnifying glass, top left) to zoom to your area. You need to zoom in to 
at least than 1:24,000, until a blue flowpath network appears (Figure 4), to be able to 
delineate. 
3. Click on the “Watershed delineation from a point” tool and then on the most downstream 
point of the ditch section surveyed, to get your watershed’s drainage area.  
12. The area 
under the 
selected curve 






Figure 4: Once zoomed into 1:24,000, a blue flowpath network allows you to delineate the 
watershed. 
4. The watershed draining into your site will be shown in pink (Figure 5). Select the “Basin 
characteristics” tool to find out more about the watershed.  
3. “Watershed 
delineation from 




Figure 5: Delineated watershed, with the Basin Characteristics tool highlighted. 
5. The Basin Characteristics Report shows the Contributing drainage area in square miles. Note 
this area, which will be the numerator in the drainage area ratio. (Figure 6).   
 




5. The contributing 
drainage area for your 
site, shown here, will be 
divided by the drainage 
area of the USGS gage to 
determine the drainage 
area ratio.  
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 In order to create the two-stage ditch curve, three theoretical points were created for each 
bank. The point with the lowest elevation was assumed to be the bottom of the channel. This is point 1 
in Fig. 7. The height of the bench (see point 2 in Fig.7) was calculated by adding the channel bottom 
elevation to the mean bankfull depth that was calculated using the drainage area and the mean bankfull 
depth regression equation for the central till plain of 
Indiana (Robinson, 2013). Another point was created 
on each bank before the bench sloped up (see point 3 
in Fig. 7). This point was at the same elevation as the 
bench edge, but three meters farther away from the 
channel horizontally.  The depth of the bench was 
calculated by subtracting the elevation of the bench 
from the elevation of the surveyed point that was 
furthest from the channel horizontally. The horizontal 
distance between the beginning of the bench slope and the end of the bench slope was assumed to be 
three times the depth (USDA & NRCS, 2001).  A third set of points (point 4 in Fig. 7) was placed the 
calculated horizontal distances away from where the benches began to slope and at the elevations of 
the farthest points from the channel. This represented the top of the slope. The two points used to 
create a constant width of interest for the trapezoidal ditch calculations were also used for the two-
stage ditches. The surveyed points that were within the channel were also added to the calculated two-
stage points. As with the trapezoidal ditch, OriginPro was used to calculate the area under the cross-
section. The area that needed to be removed was the difference between the area under the 
trapezoidal cross-section and the area under the two-stage cross-section.  
 
LiDAR Data and Analysis  
The same analysis used for the RTK GPS data was used for LiDAR data. This project used LiDAR 
digital elevation models (DEMs) gridded to a three meter resolution. The LiDAR DEMs were downloaded 
from Open Topography following these instructions.  
1. Go to Open Topography at 
http://opentopo.sdsc.edu/gridsphere/gridsphere?gs_action=lidarDataset&cid=geonlidarfra
meportlet&jobId=13723647067811081321247 for Brown’s Wonder or 
http://opentopo.sdsc.edu/gridsphere/gridsphere?gs_action=lidarDataset&cid=geonlidarfra
meportlet&jobId=1372451139117755244930 for Matthew Howell 
2. Set Return Classification to “Ground”. 
3. Set DEM Generation (Local Gridding), Gridding Method to “Calculate Zmin grid” 
4. Set DEM Generation (Local Gridding), Grid Format to GeoTiff. 
5. Set DEM Generation, Gridding Method to “Calculate TIN”. 





7. Find the email sent from Open Topography.  
8. Open the provided link. 
9. Save the data. 
10. Unzip the file. 
11. Open ArcGIS and drag the files onto the main screen.  
 
The trapezoidal cross-sections were found using ArcGIS’s 3D-Analyst Profile Graph tool and were 
placed at the same location as the RTK GPS cross-sections by overlaying a map of the RTK GPS points over 
the LiDAR data. As with the RTK GPS data, ArcGIS created two-dimensional cross-sections. The x-y 
coordinates were exported as an Excel file and were analyzed in the same way as the RTK GPS data. When 
creating the two-stage ditch cross-sections, it was assumed that the lowest LiDAR elevation represented 
the bench elevation, as LiDAR does not penetrate water.  All other calculations were the same to those 
made for the RTK GPS data.  
  
Calculation of Excavation Volume 
The excavation volume was calculated using a weighted average. First ArcGIS was used to find the 
distance between the cross-sections. The excavation area of the first cross-section was multiplied by half 
of the distance between the first and second cross-sections. The excavation area of the second cross-
section was multiplied by the sum of half of the distance between the first and second cross-sections and 
half of the distance between the second and third cross-sections. The excavation area of the third cross-
section was multiplied by the sum of half of the distance between the second and third cross-sections and 
half of the distance between the third and fourth cross-sections. The excavation area of the fourth cross-
section was multiplied by half of the distance between the third and fourth cross-sections. All of the 
resulting volumes were summed up and divided by the total distance between cross-sections one and two 






Results and Discussion 
 
Table 1     
Ditch Name Watershed Area 
(mi2) 







Brown’s Wonder 8.556 26.50 22.02 16.91 
Matthew Howell 5.666 41.22 31.96 22.47 
 
The accuracy of the excavation volume estimation based on LiDAR data as compared to RTK GPS 
survey data was relatively close between the two ditches. The LiDAR based excavation volume estimate 
for Brown’s Wonder was within 16.91% and within 22.47% for Matthew Howell. Figures 2 and 3 show 













































Since the LiDAR method does not penetrate under water, the elevation of the bottom of the 
ditch is unknown. This makes it difficult to accurately calculate the bench height, which is why this 
project assumed that the bench height and LiDAR derived DEM water level were approximately equal. 
While this approximation worked for Brown’s Wonder, the LiDAR derived DEM water level for Matthew 
Howell was clearly lower than the bench height, leading to a more significant difference in the 




For the ditches measured, the average difference in estimated excavation volume between LiDAR 
derived DEM and RTK GPS analysis was 19.69%, suggesting that the method has potential for providing a 
first draft of costs without time-consuming surveys, but more ditches need to be surveyed to see if 
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Elevation    
Lowest Point (m,m) 22.69 280.69   
Drainage Area (mi^2) 8.56    
Mean Bankfull Depth (m)  0.69   
Elevation of Bench (m)  281.37   
Added Points (m,m) 0.00 284.86   
 40.00 284.52   








Bench Edge (m,m) 20.75 281.37 24.82 281.37 
Bank Width (m) 3  3  
Before Slope (m,m) 17.75 281.37 27.82 281.37 
Bank Top Elev. (m)  284.86  284.52 
Depth (m)  3.49  3.15 
Slope 3 to 1  3 to 1  
Slope H Length (m) 10.47  9.45  
After Slope (m,m) 7.28 284.86 37.27 284.52 
 
 
Brown’s Wonder (RTK GPS) X-Sec. 1: Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11350.43 
Area Under 2-Stage Curve (m^2) 11320.42 
Area of Soil Removed (m^2) 30.00 
 
 




Elevation    
Lowest Point (m,m) 22.42 280.69   
Drainage Area (mi^2) 8.56    
Mean Bankfull Depth (m)  0.69   
Elevation of Bench (m)  281.37   
Added Points (m,m) 0.00 284.55   
 40.00 284.31   






Bench Edge (m,m) 19.75 281.37 24.12 281.3 
Bank Width (m) 3  3  
Before Slope (m,m) 16.75 281.37 27.12 281.37 
 
Bank Top Elev. (m)  284.55  284.31 
 
Depth (m)  3.18  2.93 
Slope 3 to 1  3 to 1  
Slope H Length (m) 9.53  8.80 
 
 
After Slope (m,m) 7.22 284.55 35.93 284.31 
 
 





Area Under Trapezoidal Curve (m^2) 11339.23 
Area Under 2-Stage Curve (m^2) 11316.35 
Area of Soil Removed (m^2) 22.87 
 
 




Elevation   
Lowest Point (m,m) 22.68 280.67   
Drainage Area (mi^2) 8.56    
Mean Bankfull Depth (m)  0.69   
Elevation of Bench (m)  281.35   
Added Points (m,m) 0.00 284.57   
 40.00 284.34   






Bench Edge (m,m) 20.88 281.35 24.44 281.35 
 
Bank Width (m) 3  3  




Bank Top Elev. (m)  284.57  284.34 
 
Depth (m)  3.22  2.99 
Slope 3 to 1  3 to 1  
Slope H Length (m) 9.66  8.97 
 
 






Brown’s Wonder X-Sec. 3 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11344.49 
Area Under 2-Stage Curve (m^2) 11318.71 
Area of Soil Removed (m^2) 25.79 
 
 




Elevation   
Lowest Point (m,m) 23.19 280.86   
Drainage Area (mi^2) 8.56    
Mean Bankfull Depth (m)  0.69   
23 
 
Elevation of Bench  281.55   
Added Points (m,m) 0.00 284.48   
 40.00 284.47   






Bench Edge (m,m) 19.78 281.55 25.52 281.55 
Bank Width (m) 3  3  
Before Slope (m,m) 16.78 281.55 28.52 281.55 
Bank Top Elev. (m)  284.48  284.47 
Depth (m)  2.93  2.93 
Slope  3 to 1  3 to 1  
Slope H Length (m) 8.80  8.78  
After Slope (m,m) 7.98 284.48 37.30 284.47 
 
 
Brown’s Wonder X-Sec. 4 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11348.64 
Area Under 2-Stage Curve (m^2) 11316.73 
Area of Soil Removed (m^2) 31.91 
 
 
Brown’s Wonder X-Sec. 1 (LiDAR) Horizontal 
Distance 
Elevation   
Lowest Point (m,m) 24.61522 281.54   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  281.54   
Added Points (m,m) 0 284.9837   
 40 284.6311   










Bank Width (m) 3  3  




Bank Top Elev. (m)  284.9837  284.63 
 




Slope 3 to 1  3 to 1  
Slope H Length (m) 10.3311  9.27 
 
 






Brown’s Wonder X-Sec. 1 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11357.22 
Area Under 2-Stage Curve (m^2) 11328.78 
Area of Soil Removed (m^2) 28.44243 
 
 




Elevation   
Lowest Point (m,m) 21.97 281.42   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  281.42   
Added Points (m,m) 0.00 284.67   
 40.00 284.43   






Bench Edge (m,m) 19.98 281.42 21.97 281.42 
Bank Width (m) 3   3  
Before Slope (m,m) 16.98 281.42 24.97 281.42 
Bank Top Elev. (m)  284.67  284.43 
Depth (m)  3.25  3.01 
Slope 3 to 1  3 to 1  
Slope H Length (m) 9.74  9.03  
After Slope (m,m) 7.24 284.67 34.00 284.43 
 
 
Brown’s Wonder X-Sec. 2 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11344.87 
Area Under 2-Stage Curve (m^2) 11327.75 









Elevation   
Lowest Point (m,m) 21.66 281.51   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  281.51   
Added Points (m,m) 0.00 284.80   
 40.00 284.44   






Bench Edge (m,m) 20.69 281.51 24.57 281.51 
Bank Width (m) 3  3  
Before Slope (m,m) 17.69 281.51 27.57 281.51 
Bank Top Elev. (m)  284.80  284.44 
Depth (m)  3.29  2.93 
Slope 3 to 1  3 to 1  
Slope H Length (m) 9.88  8.80  
After Slope (m,m) 7.81 284.80 36.38 284.44 
 
 
Brown’s Wonder X-Sec. 3 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11349.43 
Area Under 2-Stage Curve (m^2) 11325.93 
Area of Soil Removed (m^2) 23.50 
 
 




Elevation   
Lowest Point (m,m) 20.95 281.56   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  281.56   
Added Points (m,m) 0.00 284.64   
 40.00 284.57   






Bench Edge (m,m) 20.95 281.56 23.94 281.56 
Bank Width (m) 3  3  
Before Slope (m,m) 17.95 281.56 26.94 281.56 
26 
 
Bank Top Elev.  (m)  284.64  284.57 
Depth (m)  3.07  3.01 
Slope  3 to 1  3 to 1  
Slope H Length (m) 9.22  9.02  
After Slope (m,m) 8.73 284.64 35.95 284.57 
 
 
Brown’s Wonder X-Sec. 4 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 11354.11 
Area Under 2-Stage Curve (m^2) 11329.28 












From To Distance (m) Distance (m) 
X-Sec 1 X-Sec 2 46.54 48.09 
X-Sec 2 X-Sec 3 9.56 9.70 
X-Sec 3 X-Sec 4 10.01 10.01 




























1 30.00 23.27 698.13  28.44 24.04 683.86   
2 22.87 28.05 641.57  17.12 26.47 453.03   
3 25.79 9.79 252.37  23.50 9.86 231.67   
4 31.91 5.01 159.70  24.83 5.01 124.26   









Elevation    
Lowest Point (m,m) 14.34 251.49   
27 
 
Drainage Area (mi^2)  5.666   
Mean Bankfull Depth (m)  0.642549   
Elevation of Bank (m)  252.13   
Added Points (m,m) 0.00 254.03   
 40.00 253.47   






Bench Edge (m,m) 13.61 252.13 18.16 252.13 
Bank Width (m) 3  3  
Before Slope (m,m) 10.61 252.13 21.16 252.13 
Bank Top Elev. (m)  254.03  253.47 
Depth (m)  1.90  1.34 
Slope  3 to 1  3 to 1  
Slope H Length (m) 5.71  4.01  
After Slope (m,m) 4.90 254.03 25.17 253.47 
 
 
Matthew Howell  X-Sec. 1 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10135.74 
Area Under 2-Stage Curve (m^2) 10120.98 
Area of Soil Removed (m^2) 14.76 
 
 




Elevation   
Lowest Point (m,m) 15.38 251.53   
Drainage Area (mi^2)  5.666   
Mean Bankfull Depth (m)  0.64   
Elevation of Bank (m)  252.18   
Added Points (m,m) 0.00 253.87   
 40.00 253.73   






Bench Edge (m,m) 13.61 252.18 19.99 252.18 
Bank Width (m) 3  3  
Before Slope (m,m) 10.61 252.18 22.99 252.18 
Bank Top Elev. (m)  253.87  253.73 
Depth (m)  1.69  1.55 
28 
 
Slope  3 to 1  3 to 1  
Slope H Length (m) 5.08  4.66  
After Slope (m,m) 5.53 253.87 27.65 253.73 
 
 
Matthew Howell  X-Sec. 2 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10138.94 
Area Under 2-Stage Curve (m^2) 10121.5 
Area of Soil Removed (m^2) 17.44 
 
 




Elevation   
Lowest Point (m,m) 24.61 251.17   
Drainage Area (mi^2)  5.666   
Mean Bankfull Depth (m)  0.64   
Elevation of Bank (m)  251.81   
Added Points (m,m) 0.00 253.80   
 40.00 253.56   






Bench Edge (m,m) 22.08 251.81 25.22 251.81 
Bank Width (m) 3  3  
Before Slope (m,m) 19.08 251.81 28.22 251.81 
Bank Top Elev. (m)  253.80  253.56 
Depth (m)  1.99  1.75 
Slope  3 to 1  3 to 1  
Slope H Length (m) 5.957279  5.25  
After Slope (m,m) 13.12 253.80 33.47 253.56 
 
 
Matthew Howell  X-Sec. 3 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10137.49 
Area Under 2-Stage Curve (m^2) 10119.51 
Area of Soil Removed (m^2) 17.99 
 
 




Elevation   
Lowest Point (m,m) 20.87 251.19   
29 
 
Drainage Area (mi^2)  5.666   
Mean Bankfull Depth (m)  0.64   
Elevation of Bank (m)  251.83   
Added Points (m,m) 0.00 253.70   
 40.00 253.55   






Bench Edge (m,m) 17.88 251.83 21.25 251.83 
Bank Width (m) 3  3  
Before Slope (m,m) 14.88 251.83 24.25 251.83 
Bank Top Elev. (m)  253.70  253.55 
Depth (m)  1.87  1.72 
Slope 3 to 1  3 to 1  
Slope H Length (m) 5.60  5.15  




Matthew Howell  X-Sec. 4 (RTK GPS): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10132.35 
Area Under 2-Stage Curve (m^2) 10117.33 
Area of Soil Removed (m^2) 15.02 
 
 




Elevation    
Lowest Point (m,m) 18.51 251.90   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  251.90   
Added Points (m,m) 0.00 254.21   
 40.00 253.63   






Bench Edge (m,m) 16.62 251.90 18.51 251.90 
Bank Width (m) 3  3  
Before Slope (m,m) 13.62 251.90 21.51 251.90 
Bank Top Elev. (m)  254.21  253.63 
Depth (m)  2.31  1.73 
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Slope 3 to 1  3 to 1  
Slope H Length (m) 6.9177  5.2047  
After Slope (m,m) 6.70 254.21 26.72 253.63 
 
 
Matthew Howell  X-Sec. 1 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10139.92 
Area Under 2-Stage Curve (m^2) 10126.99 
Area of Soil Removed (m^2) 12.93 
 
 
Matthew Howell X-Sec. 2 (LiDAR) Horizontal 
Distance 
Elevation    
Lowest Point (m,m) 18.54 252.16   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  252.16   
Added Points (m,m) 0.00 254.17   
 40.00 253.92   






Bench Edge (m,m) 17.59 252.16 18.54 252.16 
Bank Width (m) 3  3  
Before Slope (m,m) 14.59 252.16 21.54 252.16 
Bank Top Elev. (m)  254.17  253.92 
Depth (m)  2.01  1.76 
Slope 3 to 1  3 to 1  
Slope H Length (m) 6.024  5.2734  
After Slope (m,m) 8.56 254.17 26.81 253.92 
 
 
Matthew Howell  X-Sec. 2 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10149.32 
Area Under 2-Stage Curve (m^2) 10137.46 
Area of Soil Removed (m^2) 11.86 
 
 
Matthew Howell X-Sec. 3 (LiDAR) Horizontal 
Distance 
Elevation   
Lowest Point (m,m) 21.88 252.11   
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Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  252.11   
Added Points (m,m) 0.00 254.00   
 40.00 253.72   






Bench Edge (m,m) 21.88 252.11 23.85 252.11 
Bank Width (m) 3  3  
Before Slope (m,m) 18.88 252.11 26.85 252.11 
Bank Top Elev. (m)  254.00  253.72 
Depth (m)  1.89  1.62 
Slope  3 to 1  3 to 1  
Slope H Length (m) 5.6847  4.8453  
After Slope (m,m) 13.19 254.00 31.70 253.72 
 
 
Matthew Howell  X-Sec. 3 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10146.36 
Area Under 2-Stage Curve (m^2) 10132.03 
Area of Soil Removed (m^2) 14.34 
 
 
Matthew Howell X-Sec. 4 (LiDAR) Horizontal 
Distance  
Elevation    
Lowest Point (m,m) 19.69 252.06   
Drainage Area (mi^2)     
Mean Bankfull Depth (m)     
Elevation of Bench (m)  252.06   
Added Points (m,m) 0.00 253.89   
 40.00 253.66   
 Left Bank Right Bank 
 Horizontal 
Distance 
Elevation  Horizontal 
Distance 
Elevation  
Bench Edge (m,m) 19.69 252.06 20.66 252.06 
Bank Width (m) 3  3  
Before Slope (m,m) 16.69 252.06 23.66 252.06 
Bank Top Elev. (m)  253.89  253.66 
Depth (m)  1.83  1.60 
Slope  3 to 1  3 to 1  
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Slope H Length (m) 5.4882  4.812  
After Slope (m,m) 11.20 253.89 28.47 253.66 
 
 
Matthew Howell  X-Sec. 4 (LiDAR): Excavation 
Area 
 
Area Under Trapezoidal Curve (m^2) 10139.85 
Area Under 2-Stage Curve (m^2) 10130.26 
Area of Soil Removed (m^2) 9.59 
 
 






From To Distance (m) Distance (m) 
X-Sec 1 X-Sec 2 29.73 29.73 
X-Sec 2 X-Sec 3 28.07 28.07 
X-Sec 3 X-Sec 4 34.97 34.97 


























1 14.76 14.87 219.37 41.22 12.93 14.87 192.23 31.96 22.47 
2 17.44 28.90 503.94  11.86 28.90 342.75   
3 17.99 157.83 2838.67  14.34 157.83 2262.78   
4 15.02 17.49 262.67  9.59 17.49 167.66   
Total   3824.65    2965.41   
 
